Motion is one of the more common 
events in your surroundings. You can see moti 


Suppose you live in near Allen career institute (Samanvaya building), 
Kota. Fig. 1 shows the aerial view (top view) of your locality. To reach 
Allen's Samanvaya building, you follow a path shown in the fig. 1. Your 
house is the starting place for you to find the locatio 
Allen's Samanvaya building. 

Areference point isa starti jnt used scribe the position of 

ject. A reference point is also,called the origin. 

To describe an object's position, three things must be included in the 
description : (i) a reference point, (ii) a direction from the reference 
point, (iii) distance from the reference point (the length of the line 
segment joining the reference point and the object). 

For example, in the fig.1, choose your house as the reference point. 
Next, choose a direction from the reference point, let it be ‘toward the 


ABC school (see fig. 1). Finally, give the distance from the reference 
point; let it be 1.2 km. 


How to describe the reference direction ? 


One way of indicating the direction is to use a plus (+) or a minus (-) 
sign. The plus sign can be the direction from the reference point is in Fig.1 A reference point is 
the reference direction (see fig.2). A minus sign means the direction is needed in order to describe 
opposite to the reference direction. For example, plus (+) sign can be the location of an object. 
used to indicate ‘toward the school’ in the fig. 1 and minus (-) sign to 

indicate ‘away from the school’. 


The position of an object can be described as a distance from the origin together with a plus or minus sign that 
indicates the direction. 


Cartesian system of representing position of a particle is shown in fig.3 


Direction opposite 
to reference point 


(-) 


: 


N, Or position, of 


Your house as 
a reference point 


<——_—_ 
Reference Object 
point —_ Reference 
direction 
(+), 
Fig.2 Describing the reference Fig.3 Cartesian system : Sign 
direction : sign conventions. convention for position 


; . 
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NUMERICAL CHALLENGE 1.1 


. the ea me i parked at 100 m from the centre of a crossing. Also a tree is located 75 m from the cara 
shown in fig.4. e reference direction and its sign is mentioned in the fig.4. How will th . 
position if 4, you express the car's 
(i) when the centre of the crossing is taken as reference point (or origin) 
(ii) when the tree is taken as reference point (or origin). 


Tree as 
reference 
point 


Centre of crossing 


Centre of 
crossing as reference point 
Fig.4 Fig.5 


Solution 
(i) Here, the reference point is centre of the crossing. The car is 100 m away from this reference point. If draw 


a direction from this reference point to the car, this direction is same as the reference direction 
(see fig.4). Thus, the sign of this direction must be taken positive. Hence, the position of car is expressed or 


represented as + 100 m. 
(ii) Here, the reference point is the tree. 

this reference point to the car, this dir 

of this direction must be taken negative. Hence, 

-75m. 

Thus, an object's position is its ] 

variable that gives location of an 


Understanding motion 


The car is 75 m away from this reference point. If drawa direction from 
ection is opposite to the reference direction (see fig.5). Thus, the sign 
the position of car is expressed or represented as 


ocation compared to other things. Position of an object is not absolute, it isa 
object relative toa reference point or origin. 


1D preteen) Theery ots 


ming in the middk _ Later in the afternoon, you notice that the 
or some person moved the ball. You § 
it all over the yard. All you know { 


for sure is that the ball has been moved Because Ihis mic different f some time passed. These are the | 
two important aspects of motior =" 6 


(1) A change of position (4 The 
Moving involves a change Opt 


g 8 © Motion is a chant 
compared to at 


es | 
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Physics 
Rest and motion are relative terms 


Imagine that you are traveling in an automobile with another person, You know that you are moving across the 
land outside the car since your location on the highway changes from one moment to another Observing your 
fellow passenger shows that there 


agen is no change of position, You are in motion relative to the ground but you are 
not in motion telative to vour fellow Passenger, The motion of any object or body is the process of a change In 
position ‘relative’ to some reference object or location, 


Translational motion (or translatory motion) 


Motion of a body in which all the points in the bod 


\y follow parallel paths is called ‘trans| 
motion in which the orientation of an object re 


mains the same throughout the joumey . TI 
motion can be straight or curved (see fig.6 & fig.7), 


ational motion’. It is a 
1¢ path of a translatory 


(a) A book moved along 


a straight path without changing its orientation 


(b) A book moved along a curved path without changing its orientation 
Fig.6 Translational motion 


y an object, the translational motion 


On the basis of the path travelled b 
can classified as : 


(1) Rectilinear motion : If an object moves in a straight line, its motion is 
called rectilinear motion or one dimensional motion, Motion of car along 


a straight path, motion of a piston in the cylinder are examples of 
rectilinear motion. 


(2) Curvilinear motion : If an object moves along a curved path without 
change in its orientation, its motion is called curvilinear motion. Motion 
of a car along a curved or circular path, motion of an athlete on a 
circular track are examples of curvilinear motion. 


Rotational motion (Rotatory motion) 


Motion of a body turning about an axis is called rotational motion. In other 
words, ‘a motion in which an object spins about a fixed axisis called rotational 
motion’. It is a motion in which the orientation of an object continuously 
changes throughout the motion. The path of an object ina rotational motion 
is always circular. 

~ Some examples of rotational motion are: 5 . . 

et Be . : . ig.7 Translational motion : 

(1) The Earth’s spin on its axis. (2) Motion of a fan or motor. The particles of the object shown 
(3) Motion of blades of windmill. cover same distance in a given time. 
(5) Motion of a grinding stone. 


(4) Motion of a spinning top. 


(a) Motion of a ceiling fan (b) Motion of Earth about its axis 
Fig.8 Some examples of rotational motion - 
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CONCEPTUAL CHALLENGE 11 


&: 


In rotational motion, the particles of the object move through the unequal V8 
distances in a given time depending on thelr location in the othect 
(see fig.9). The particle which is located near the axis of rotation, covers 


less distance as compared to the particle that is located far avy {rom the 
ans, 


s In translational motion at any instant of time, every partiche of the : 
hate sae veloy whl nolan motion a ary ntl ne | 
particles the body have different velocities depending on thelr postion 
from the avis of rotation, scl J : 

® In rotation of a body about a fixed axis, every particle of the body moves 


In a circle, which lies in a plane perpendicular to the ais and has te 999-9 Rotationsl motion : Particles 
centre on the axis, . > 


In fig. 10, motion of a frying pan used in Vétchen Is shown, Js the motion of the frying pan a trandational motion 
? Can it be considered as rotational motion ? Explain, : 


Fig.10 Conceptual challenge 1.1 


Explanation | 
The motion of frying pan shown in fig. 10 cannot be considered as translational motion though it is moving along. 
a curved path, This is because its orientation is changing during its journey. Also, the motion of frying pan cannot 
be considered as rotational motion though it is spinning, This is because, rotation means spinning of an object 
about a fixed axis, Here, the flask is not spinning about a fixed axis, This type of motion is ‘a combination of 
translational motion and rotational motion’, 

Motion of a car or cycle wheels is a combination of translational and rotational motion (se fig.11), 


1a 
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aiden Uniform and non-uniform motion 


Uniform motion 
Ifa body covers equal distances in equal intervals of time in a particular direction, its motion is called ‘uniform 
motion’. In other words, ‘if the velocity of a body is constant, its motion is called uniform motion’ 

" Auniform motion always takes place in straight line. Any motion along a curved path is not a unifoun motion 
Examples : (!) A car moving with a constant speed in straight line (ii) Motion of an athlete al th 
constant speed. e along straight path with 


e Inreal world, we rarely see uniform motion. A body can be in uniform motion for a i i 
sh 
have to take turn, reduce speed or increase speed according to our need. Se ene 


2 
Position Okm 2 km 4 km ~  6km 
Time 9am 9:10am 9:20 am 9 :30 am 


Fig.12 Motion of this cyclist is uniform motion ; she is covering equal distances 
in equal intervals of time; she is moving in straight line in a particular direction. 
Non-uniform motion 
If velocity of a body is variable, its motion is called non-uniform motion. 
m= ~~‘ Fornon-uniform motion, 
(a) Magnitude of velocity is variable, or 
(b) Direction of velocity is variable, or 
(c) Both the magnitude as well as direction of the velocity is variable. 
@ |fabody covers unequal distances in equal intervals of time, its motion is called ‘non-uniform motion’. 
@ Even if a body covers equal distances in equal intervals of time but it changes its direction, still its motion is 
said to be ‘non-uniform’. 
@ Motion of a particle along a curved path is always a non-uniform motion. If a particle changes its direction 
during the journey, its motion is always non-uniform. 


Position 0 km 2 km 5 km 9 km 
Time 9am 9:10am 9 :20 am 9 :30 am 
Fig.13 Motion of this cyclist is ‘non-uniform’ ; she is covering unequal distances 


in equal intervals of time; she is moving in straight line in a particular direction. 


9:10am : : 
Fig.14 This cyclist is moving along a circular path ; she is covering equal distances 


straight line. Br 


in equal intervals of time ; still this is a non-uniform motion as this is not in a i: 
ES ———<——— 45 i: , 
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4.4 Distance and displacement 


Distance 
The length of the actual path between initial and final positions of a moving object is called ‘distance’, 

@ Distance is a scalar quantity. @ Distance depends on the path. @ Distance Is always taken positive. 

Unit of distance : In S.]. system unit of distance is metre (m). Some other popular units are millimetre (mm), 
centimetre (cm), kilometre (km). 


Displacement 
The shortest distance between the initial position and the final position of the 
particle is called displacement. 
It is also defined as the change in the position of the particle. 
Displacement = x, -x, 
Where, x, = final position ; x, = initial position. 
@ Displacement is a vector quantity, its direction is always taken from initial 
pesiiion to finslipoaliion: Fig. 15 Sign oe 
. acement. 
@ Displacement depends only on initial position and final position, does not for displacems 
depend on path. 
@ Displacement of a particle in motion can be positive, negative or even 
zero. 
Unit of displacement : Units of distance and displacement are same as both 
represent some length. Thus, in S.1. system unit of displacement is metre (m). 
Some other popular unts are millimetre (mm), centimetre (cm), kilometre (km). 
Let us understand the distance and displacement using some real life situation. 
Suppose a boy walks in a park, as shown in fig. 16. His initial position is A. He 
first walks a distance of 30 m due east. Then, he walks 40 m due north. Here, 
the distance travelled by him is AB + BC = 30m + 40 m = 70 m. 


His displacement is given by, 
BC = JAB2+BC2 = y(30)* +(40)’ = V2500 = 50m 
a Distance is always greater than or equal to the magnitude of displacement. 
@ Whenever a particle changes its direction or follows a curved path, distance 
is always greater than the magnitude of displacement. 
@ Distance is exactly equal to displacement (i) when it follows a straight path 
without changing its direction (ii) when its is in uniform motion. 


“at 


LOE: aerate tae 
uN te) toate et att 


30m 


Fig.16 Understanding 
distance and displacement 


NUMERICAL CHALLENGE 1.2 


road from the 20 km mark (its initial position) to the 100 km mark. After that, 


In the fig.17, a car moves on the 
50 km mark (its final position). Find the displacement and distance travelled by 


it reverses and moves back to the 


100 km 


20 km 50 km 
Fig.17 Numerical challenge 1.2 


Solution 
Given, initial position, x, = + 20 km ; final position, x, = +50 km 
Displacement = x, - x, = (+50) - (+20) = + 30 km 

Now, distance travelled by car from A to C, AC = 100 - 20 = 80 km 
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Paes Speed and velocity 


Speed 
The distance travelled by a particle per unit time is called speed. 


5 
@ Speed is a scalar quantity. @ Speed depends on the path. © 1km/ isa Te s 


@ Speed gives no idea about the direction of motion of the object. 

@ Speed can never be negative ; in motion, it is taken positive ; at rest, it is zero. 

Unit of speed : S.I. system - metre/second (m/s); C.G.S.system - centimetre/second (cm/s). 

Uniform speed : An object is said to be moving with a uniform speed, if it covers equal distances in equal 
intervals of time. That is, magnitude of speed is constant. 

Non uniform speed : An object is said to be moving with a variable speed if it covers unequal distances in equal 
intervals of time. That is, magnitude of speed is variable. 

Average Speed : When an object is moving with a variable speed, then the average speed of the object is 
thought to be that constant speed with which the object covers the same distance in a given time interval as it 
does while moving with variable speed during the same time interval. 

Average speed is the ratio of the total distance travelled by the object to the total time taken. 


Total distance travelled 


Average speed = 
ee ep Total time taken 


i Instantaneous speed : The speed of the body at any instant of 

time is called instantaneous speed. 

© Speedometer of the vehicle measures its instantaneous speed. 

@ Inuniform motion of a particle, the instantaneous speed is equal 
to its average speed. 

Velocity 

The rate of change of displacement is called velocity. 


@ Velocity is a vector quantity. 

®@ Velocity can be negative, positive or zero. Fig. 18 A speedometer 

@ The direction of average velocity is same as that of the total Segerenaness eal nek velocity, 
displacement. 

@ If average velocity for a journey is positive, it may have a negative instantaneous velocity at some point of 
time during the journey and vice-versa. 

Unit of velocity : S.I. system - metre/second (m/s); C.G.S.system - centimetre/second (cm/s). 

Instantaneous velocity : It is the velocity at some particular instant of time. 


Average velocity : It is the ratio of total displacement to the total time taken. 
Total displacement 
Total time taken 
Uniform Velocity : A particle is said to have uniform velocity, if the magnitude as well as the direction of its - 
velocity remains constant. It is possible only when the particles moves in straight line without changing its direction. 
Non-uniform Velocity : A particle is said to have non-uniform velocity, if either of magnitude or direction 0 , 
velocity changes (or both changes). 


@ In uniform motion of a particle, the instantaneous velocity is equal to its average velocity. 


Average velocity = 
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NUMERICAL CHALLENGE 1.3 


Average speed Is always greater than or equal to the magnitude of average 

velocity, 

@ Whenever a particle changes Its direction or follows a curved path 
speed is always greater than the magnitude of average velocity, 

© Average speed js exactly equal to average velocity when it follo 
path without changing its direction. 

If body covers distances x,, X,, Xy--—- with speeds Vy Vay Vyyoo=> 


ie respectively In 
same direction then average speed/average velocity of body Is given by y 


Fig.19 Sign | 
xX + — 
= Xt Xe + Xy + convention for velocity 


, average 


WS a straight 


° ' 
Case of half journey : If body covers equal distances X, =X, = x (let), with different speeds |.e, v, andy, | 


a 2NV2 
Vo + a) ger + ea. 
v +) 
@ Ifabod F . 
y covers three equal distances with speeds V,, V, and v, respectively, then average speed is given by, 
aos = X+X+X 3x _ 3 7 3V, VV, 
EPS +% me aver eo ViVp +VQV3 +V3V, )  [V,V2 +V2V3 +V3¥y 
V,V2V3 
If a body travels with speeds V,,V,,V, ,-— during time intervals t,,t,,t,, -— respectively then the average speed of 
the body is given by, 


_ Viti + Vat, + V3tz +--- 


average 


y t,+t,+t3+--- 
Ba If the two given time intervals are same i.e., t, = t, = t (let), then, 


vy. edit +vet salt Ju 
ae 2t 2 


@ {f the three given time intervals are same i.e., t, = t, = t, = t (let), then, 


¢ v,t+vot+vet _ WM ig Beal pee +V 
mange ~ t+t+t 


An auto travels at a rate of 25 km/hr for 4 min. then 50 km/hr for 8 min., finally at 20 km/hr for 2 min., find 
the distance travelled in km and the average speed for complete trip in m/s. 
Solution eee ne ae 
Gwen, v, = 25 len/hr ; v, = 50 kan/hr ; v, = 20 km/hr ; 
t, =4 min = (4/60) hr; t,= 8 min = (8/60\he- t, = 2 min = (2/60) hr 
Distance travelled, s = v,t, + vt, + V,t, 


4 8 100+400+40 540 4 
—VSu466e 0h oo 
sca cata alae zo 60 60 7) 
dei, 2.14.7 
Total time. t= t, * 17 35060. 60 60 30 


puccage peck, == a ae = 


m/s -2m/s ~10. | 
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NUMERICAL CHALLENGE 1.4 


On a 60 km track, a train travels the first 30 km at a uniform speed of 30 km/hr. How fast must the train travel 
the next 30 km so as to average 40 km/hr for entire trip ? 


Solution 


Given, speed for first 30 km, v, = 30 km/hr ; speed for next 30 km, vats 
average speed, V,crg9 = 40 km/hr. 


This is a case of half journey, therefore, we can apply the formula for half journey directly. 


2V, V2 2(30)v 60 
‘ua. oO 402  OUV2 _ 3v, 
age Vy +Vo 30+v, 0 30+v, or “3040, 


or 2(30+v,) = 3v, or 60+ 2v, = 3v, 
or v,= 60 km/hr 


Rem Acceleration 


a The rate of change of velocity is called acceleration. 


e@ |tisa vector quantity. Its direction is same as that of change in velocity and NOT of the velocity. 

@ ltis NOT the rate of change of speed. For example, when a body moving with constant speed along a 
circular path, there is no change in its speed but there is a change in velocity as its direction is changing 
continuously at every point. Thus, there must be some acceleration of the body. 

@ Achange in velocity occurs when (i) only its direction changes, e.g. 
uniform circular motion. (ii) only its magnitude changes. e.g. a ball 
dropped from a certain height under gravity (iii) both magnitude as 
well as direction changes, e.g. a projectile motion. In all these cases, 
there MUST be some acceleration present in the motion. 

@ Whenever velocity and acceleration are in same direction, the velocity 
of a particle increases. Such motion is called an accelerated motion. 
Such an acceleration for numericals is usually taken as ‘positive Fig.20 Sign convention 

oe for acceleration 
acceleration’. 

@ Whenever velocity and acceleration are in opposite direction, the velocity of a particle decreases. Such 
motion is called retarded motion. Such an acceleration for numericals is usually taken ‘negative acceleration’ 
and also called ‘retardation’ or ‘deceleration’. 


Acceleration, b=] 


Unit of acceleration : S.1. system - metre/(second)? (m/s*}; C.G.S.system - centimetre/(second)? (cm/s). 
Non-uniform motion with constant acceleration c i, 
(uniformly accelerated motion) an 


It isa motion in which acceleration is constant in both magnitude as well as direction. 
@ ltisanon-uniform motion. 
Equations of motion for a uniformly accelerated motion are : 


()v=u+at fi) s=ut+ pat (ii) v2 = u2 + 2as iw s-(3*) (v) Veet =a 


Where, u = initial velocity ; v = final velocity ; s = distance travelled ; t = time taken, a = acceleration. 
@ Distance travelled in nth second (i.e., in a particular second) is given by, 


a 
Sia, =U +Zal2n -1) 


EO Adour de ierte Oy piots SIPEAU 1 Jt Wh Ine po 


AAS UPSETS 
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NUMERICAL CHALLENGE 1.6 


MERICAL CHALLENGE 1.5 
d 220 cmin next four seconds. What will 


00 cm in first two seconds an be heassockyat the, 


A body travels 2 
of the seventh second. 
Solution . 
Let u be the initial velocity, 4 be the acceleration of the body. 
For first two seconds, distance travelled is 200 cm i.e., fort = 2;s = 200 cm. 
: 1 2 
Using second equation of motion, $= ut +aat , we get, 
200 = ul2)+ 5.12) or  200=2u+ 2a 
or u+a= 100 —— (1) a 
means for first (2 + 4) secondi.e., first 6 seconds, 


For next four seconds, distance travelled is 220 cm. This 
distance travelled is 200 + 220 = 420 cm. Here, att= 6s;s=420cm. Again using second equation of MOtiy 


we get, 
420 = (6) +5216) or 420 = 6u + 18a 


or u+3a= 70 -—(2) 
Subtracting eq.(1) from eq.(2), we get, u+ 3a = 70 


_ u+a= 100 
2a =- 30 


or a=— 15 cm/s? 
Putting the value of a in eq.(1), we get, u- 15=100 or u=115cm/s 
Now, we have to find velocity at the end of seventh second. Using first equation of motion, v = u + at we get, 


y = 115 + (-15)(7) = 115- 105 = 10 cm/s 


A particle moving with constant acceleration form A to B in straight line AB has velocities ‘u’ and ‘v’ at A andB 


respectively. Find the velocity at C, the mid point of AB. 


Solution 

Since Cis the mid point of AB, a a, a eee 
AC = CB =s (let) ee 
Velocity at A, V, =u; Velocity at B, V,=V3 Fig.21 Numerical challenge 1.6 


Velocity at C, V. =? 
Applying third equation of motion between AandC, we get, 

V2 =V,? + 2as or V2 =u? + 2as — (1) 

Applying third equation of motion between Cand B, we get, 

V,2 = V2 + 2as or v=V2+ 2as or V2=v?-2as -—-- (2) 
Adding eq.(1) + eq.(2), we get, 

V2 + V2 = (u? + 2as) + (v? - 2as) 


. are) 
or ‘ 72 


= 
” 


vw? +u2 
2. 
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ALLEN 
NUMERICAL CHALLENGE 1.7 


A particle moving with uniform acceleration in a straight line covers 3 m in the 8th second and 5 m in the 
16th second of its motion. Find the distance travelled by it from the beginning of the 6th second to the end of the 
15th second. 


Solution 
Let u be the initial velocity, a be the acceleration of the particle. 
Distance covered by the particle in 8th second is 3 m. Using the equation for s _ 


g-utza2x8-1) or = S=utFall5) or —-2u + 15a = 6-—~ (1) 


Distance covered by the particle in 1 6th second is 5 m. Again, using the equation for Sus 


1 
5= ut, al2x16—1) or 5= u+5a(3I) or 2u + 3la = 10 ——- (2) 


Eq.(2) - eq.(1) = (2u + 31a) — (2u + 15a) = 10-6 
or 16a=4 or a = (1/4) m/s? 
15 


Using eq.(1), we get, 2u+ 15 x2 =6 or 2u=6- we “ or u=(9/8) m/s 


Now, we have to find the distance covered by the particle from the beginning of the 6th second to the end of the 
15th second. At the beginning of the 6th second, total time elapsed is 5 second. First, we will find the velocity at 
the end of 5th second using first equation of motion, 


9 1 9 5 _19 
= = —(5)= — + 
v=ut+at or Vv 2 + (F)e ats = ms 


Now time taken between the beginning of the 6th second to the end of the 15th second is actually 10 seconds 
(6th, 7th, 8th, 9th, 10th, 11th, 12th, 13th, 14th, 15th). [Caution : If you subtract 15-6, you will get 9 seconds 
while actual time elapsed is 10 seconds] 


1 
Now, using second equation of motion, s = ut + pat , we get, 


(2 }aor+F{F)aor = 200° = 20 _ 36.25 m 


Free fall (motion under gravity) 


Till 1600 AD, the teachings of the Greek philosopher Aristotle (384-322 BC) had held that heavier objects: 
faster than lighter ones. The Italian physicist Galileo Galilei gave the present day ideas of falling objects. No 
is an established fact that, in the absence of air resistance, all objects dropped near the Earth’s surface fall with, 
the same constant acceleration under the influence of the Earth’s gravity. 
a Free fall is the motion of an object subject only to the influence of gravity. An object is in free fall as soon as siti is 
dropped from rest, thrown downward or thrown upward. 
Acceleration due to gravity : The constant acceleration of a freely falling body is called the acceleration due 
to gravity. ; 
@ The acceleration due to gravity is the acceleration of an object in free fall that results from the fiience of 
Earth's gravity. Its magnitude is denoted with the letter ‘g’. The value of ‘g’ on the surface of Earth i is 
g 980 cm/s? ; in F.P.S. system, g = 32 ft/s%. 
goceleration nia) of an object i in 1 free ea lis = downward and 


. _ 11 
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Equations of motion of freely falling poay 
ass tions in five fall: 
Sainnoeitel ation and It acts vertically downwards, 


There are 
(a) is constant throughout the m 


(1) Acceleration dua to gravity 
sistance Is negligible, 

(2) Air resistance is neglic a ‘ = 

Case 1: An object thrown vertically upward and it retums after some tle (see fig.22), 

Let us consider an object thrown vertically upward with an initial velocity U, the acceleration due to qrayip, 

AU $ MaeT \ : 

acting vertically downward on it, Let after a time interval t, itachieves an height h and final velocity y, 

Initial velocity = + u; acceleration, a= — 95 distance travelled, s = +h 

From first equation of motion, we have, v= Ut at 


or ve=(+u) +(-g)t or veu-gt (1) 


From second equation of motion, we have, s = ut+ jae 


is 
or +h=(+u)t stant or =h=ut- 5s ----- (2) 
From third equation of motion, we have, v’ = u? + 2as 
or v2 = (+u)? + 2(-g\+h) or =v? wu? = 2gh_ == (3) 
Time taken to reach maximum height : 
At maximum height, v = 0 


From eq.(1), we get, O=u-gt or u=qgt or |t - Fig.22 


Total time of journey : 
Since g is constant throughout the motion, time taken to reach maximum height from the ground is equal to tine 


taken to reach ground from the maximum height. That is, total time (T) of journey, 


Ta 2a or fea! 
g g 


Maximum height achieved by the object : 
Let the maximum height achieved be H. At maximum height, v = 0 


u 
From eq.(3), we get, (0)? = u?-2g(H) or  u2=2gH or 


u? 2 
© Here, the total distance covered, s = 2H = o{ = a while, the total displacement Is zero. 


Case 2 : An object is thrown vertically downward from a certain height H (see fig, 23) 
Let us consider an object thrown vertically downward with an initial velocity u, the acceleration due to gravity g 
is acting vertically downward on it. Let after a lime interval t, it falls through a distance y and achieves a final 


velocity v. 
Initial velocity = - u ; acceleration, a = - g ; distance travelled, s = ~y ; final velocity = -y 


From first equation of motion, we have, v= u + at 
or (~) = (-u)+(-c)t or w=-u-gt ug 
or v=-+u+gt) or veu+tat ~---(1) tt 


From second equation of motion, we have, s = ut + sat? H 


1 
or -y=Cult+stalt® or -y=-ut-Zat" 
2 
or -y=-[ut+Za" or Gmtbe oe rwane (2) 
2 A Fig.23 
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_ From second equation of motion, we have, 


ALLEN Physics 
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From third equation of motion, we have, v? = u? + 2as 

or (-v)? = (4)? + 2-g)()or V=u?+ 2gy — (3) 

Velocity at ground : When the object reaches the ground 
v2 =u? + 2as or (-v)? = (4)? + 2(-g)(-H) 


or ve =u? + 2gH or v=,u* + 2gH 


Time taken to reach the ground : When the object reaches the ground, y = - 
of motion, 


»y=-H, then, from third equation of motion, 


H, then, from second equation 
s=ut+ lie or -H=(-u)t- oat 
2 2 


1 _ 

or H=ut+ sat - This is a quadratic equation that can be solved by factorisation or using quadratic formula. 
@ Fornumericals, we can assume acceleration due to 
If an object is dropped from certain height, 
will reduce to, 


ation ¢ gravity as + g for downward while - g for upward motion. 
its initial velocity is taken zero i.e., u = 0. In such case the eqs.(1),(2),(3) 


@ Velocity at ground : When particle reaches the ground, y =H, then, 
v=2gH or v=./2gH 
@ Time taken to reach the ground : When particle reaches the ground, y = H, then, 


H ae or t= ee ‘ 
2 g 

Case 3 : An object thrown up from a certain height H or dropped from a rising balloon/helicopter : 
Let us consider an object thrown vertically upward (see fig.24) from a certain height H with an initial velocity u, 
the acceleration due to gravity g is acting vertically downward on it. Also, if an object is dropped from a hot air 
balloon or a helicopter which is rising up into the atmosphere, the case will remain the same. This is because the 
initial velocity of a body dropped from a moving object is equal to the velocity of the moving object. In both cases, 
the object rises first, reaches a maximum height, then it moves downwards and finally reaches the ground. 
Let after a time interval t, it moves a distance y and achieves a final velocity v. 
Initial velocity = + u ; acceleration, a = —g ; distance travelled, s = y ; final velocity = v. 
From first equation of motion, we have, 

v= utat 
or v=(+u) + -o)t 
or v=u-—gt —(l) 
@ In the eq.(1), if vcomes positive, it means that object 

is moving upwards. If v comes negative, it means 

that object is moving downwards. 


s=ut +pat? or y=(+u)t+ Stal 


ot y=ut-gt?— (2) 


®@ Inthe eq.(2), if y comes positive, it means that object 
is above the initial point. If y comes negative, it 
means that object is below the initial point. 
From third equation of motion, we have, v? = u? + 2as 
or (vP=(+u??+2¢-gy) or vW=u?-2gy — (3) , 
Velocity at ground : When particle reaches the ground, y = -H, then, from third equation of motion: 
Vv =u? + 2as or (-v? = (uP + 2-@)-H) 


or Vv =u? + 2gH or v =u? + 2gH 


Fig.24 
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Time taken to reach the ground : When particle reaches the 


of motion, 


s=ut +a or -H=(tu)t “gat 


or H= itt 
Let three balls 1, 2, and 
height. Ball 1 is thrown vertically up 
fig.25) in time t,. Ball 2 i 


uand it reaches the groun 
eaches ground in time t, 


3 are allowed to fall under gravity from the same 
ward with speed u and it reaches the 
s thrown vertically downward with the 
din time t,. Ball 3 is dropped (i.e., u = 


ground (see 
_ Then, the relationship 


same speed 
0) from the same height and itr 


between t,, t, and t, is given by, 


Case 4 ; An object is dropped ina well and the sound of splash in water is 


heard after a certain time t. 
ater level is present at a depth 'd' from the 


Let us consider a well in which w 
d in it. When the object strikes the water 


ground level. An object is droppe 
surface, a splash (sound) is produced which reaches our ear after a very short 


time period (see fig.26). 
Downward motion of object : It is a case of free fall i.e., motion under 
gravity. Initial velocity, u = 0 ; distance travelled, s = depth of well = d ; 


time taken, t = t, 


Now, from second equation of motion, s = ut + sat 


or d= 5st or t,= zo 


Upward motion of sound : There is no effect of gravity in the propagation 
of sound i.e, always the formula of uniform motion is used for sound or any 


other wave. 


Speed of sound, v -< 
(Distance travelled by sound = depth of well = d) 


or t,=— 
Total time ke ae 
me taken to hear the splash, T = t, + t, = 4J— +7 

g ov 


NUMERICAL CHALLENGE 1.8 


2 This is a quadratic equation that can be solved by factorisation or using quadratic formula 


ALLE 


ground, y = -H, then, from second Cquatio, r 


+cenm a 
ce 
4 
o 


A erson, on the top of a buildin veloc u He thro [A 
pe P g, thr ows one stone ver tically u i ity 
‘ : pwards with a ‘ul ws an anoth 
stone f the same place in the downward direction with a velocity ‘u' ind 7 vais a velocities f two 2 
rom . I ce) stones B 


on the bottom of the building. 

Solution ; 

For the stone thrown upward (see fig.24), Initial velocity = + u ; acceleration. a = : | 
. ,A= "G9; x Ries ; 


distance travelled, s = — H ; final velocity = -v,. 
From second equation of motion, we have, ee u? + 2as 


or (-,¥ =(+uP + 2-g)-H) oor) v2 =u? + 29H oor) vy = fu? +2gH (1) 


For the stone thrown downward (see fig.24), Initial velocity = — u ; acceleration. a = — g; 


distance travelled, s = — H ; final velocity = - Vp. 
v? = u? + 2as or = (W, = (-u)? + 2(-g)(-H) 


or v,A=u’+2gH or v,=,Ju* + 2gH — (2) 
From eq.(1) and eq.(2), we get that v, = v,, therefore v,:v,=1:1 
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NUMERICAL CHALLENGE 1.9 


A balloon is ascending at the rate of 5 m/s at a height of 100 m above the ground when a packet is dropped 
from the balloon. After how much time does it reach the ground ? (g = 10 m/s?) . 
Solution 

Since the balloon is ascending with velocity 5 m/s, the initial velocity of the packet dropped from the balloon is 
u=+5m/s;a=-g=- 10 m/s? ; displacement, s = - 100 m. 


From first equation of motion, we have, s = ut tat’ or -100=(+5)t +5 +10}! 


or -5t2+5t+100=0 or t?-t-20=0 or t?-5t+4t-20=0 
or (t= 5) (t+ 4) = 9 or t=5sandt=-4s (negative time not possible) 
Thus, t = 5 s. The packet will reach the ground after 5 seconds. 


Graphs in motion 


Usually distance-time, position-time, displacement-time, speed-time, velocity-time, acceleration-time graphs are 
used in understanding motion. 
Distance - time graph Y= Vax Fc. 

_ Here, distance is taken on y-axis and time is taken on x-axis. A are Co i a Jj 
@ Distance-time graph is always positive, it is always increasing NEVER decreasing. ! 4 


1 t t t 
s s s s 
s = constant 
s t 
s t? 
O O fx i O 


of Sere 
i= t—Lyyen oF ul 
(a) speeding up (b) slowing down 
er , on~Mn. 
A body at rest A body in A body in uniformly accelerated motion ‘) 
(s = constant) uniform motion 1 2 
(v = 0) (s = v xt) (sult yat) 


‘Fig.27 Distance-time graphs for different states of motion 


Displacement-time graph 
Here, displacement is taken on y-axis and time is taken on x-axis. 
@ Displacement-time graph can be positive or negative, it can be increasing or decreasing. 


A body at rest A body in A body in uniformly 
(s = constant) uniform motion accelerated motion 
(v = 0) (s =v xt) 


(s = ut + Sa) 


Fig.28 Displacement-time graphs for different states of motion , mT 
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Speed-time graph 
Here, speed is taken on y-axis and time Is taken on x-axis, 


@ Speed-time graph ts always positive, It can be Increasing or decreasing. 


| 
| i , 
ve constant 
v it v 4 
(a) speeding up (b) slowing dom 
A body at rest A body in 
(v = 0) uniform motion A body in uniformly accelerated 
(v = constant) motion (v = u + at) 
Fig.29 Speed-time graphs for different states of motion 
Velocity-time graph 
Here, velocity is taken on y-axis and time is taken on x-axis. 
®@ Velocity-time graph can be positive or negative, it can be increasing or decreasing, 
I I 
Vv Vv 
Vv = constant 
O O 


(a) speeding up (b) slowing down 
A body at rest A body in uniform A body in uniformly accelerated motion 
(v = 0) motion (v = constant) (v =u + at) 


Fig.30 Velocity-time graphs for different states of motion 
Acceleration-time graph 45 Ye wer uy PYM oe yey 
Here, acceleration is taken on y-axis and time is taken on x-axis. 


® Acceleration-time graph can be Positive or negative, it can be increasing or decreasing, 


! t t 
a a a 

€@ = constant 
O , 0 O 


A body at rest A body In A body In uniformly 
(a = 0) — a accelerated motion 
aa 


(a = constant) 


Fig.31 Acceleration-time graphs for different states of motion 
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49. Significance of graphs in motion 


Slope of a graph 
Slope of a graph is given by, 
perpendicular p 
= tan0 = ——————. = = 
Slope base b 
Where, 0 is the angle made by the graph with positive x-axis, 
= Slope of a graph can be zero, positive, negative or even infinite (x), 
(1) For 0 = 0°, slope is zero (e.g. a horizontal line), 
(2) For 0 = 90°, slope is infinite (e.g. a vertical line), 


(3) For 0° < 0 < 90°, slope is positive (e.g. a line making acute angle with the positive x-axis). 
(4) For 90° < 0 < 180°, slope is negative (e.g. a line making obtuse angle with the positive x-axis). 
@ More the value of 0, more will be the value of tan0 i.e., more will be the slope of the graph. 
Slope of a straight line graph : 
A straight line has a constant slope (see fig.32) 

perpendicular p y 


= fan0 = ————————. = = 
ones % base b 


Slope of a curved line graph : 

The process of finding slopes is more challenging for a curved-line graph 

because the slope of the curve line changes with the change in the 
values of variable like x (or time t in motion). 


a The slope of a curve line at any point on it is found by making a tangent b 
at that point. If 0 be the angle made by that tangent with the positive 
x-axis, than tan0 will be the slope of the curve line at that point y x— 
(see fig.33). Fig.32 Slope of a straight line graph 


In the fig.34 (a), the slope of the graph is increasing with the increase in value of x (a concave graph) while in 
fiq.34(b), the slope of the graph is decreasing with the increase in value of x. 


y Slope at B = y 
tan0° = B 
A 
O X—e O — 
Slope at A = Slope at C = (a) Slope increasing (b) Slope decreasing 
tan (positive) tan (negative) with increase in x with increase in x 


Fig.33 Slope of a curve line graph Fig.34 Slope of a curve line graph can be increasing or decreasing 
|] Slope of distance-time graph gives speed. Slope of displacement-time graph gives velocity. 

®@ Fig.35 shows as-t graph in which slope of A is more than slope of B, thus, v, > vg. 

® From the s-t graph shown in fig.36, we can find the value of v. 


Fig.35 


a 


=_— : moe ee 
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In the graphs shown in fig.37, graph 1 represents 
the slope of the graph is increasing with time. Grap 
This is because the slope of th 


increasing with time. This is 
ni.e., v decreasing with tj 


accelerated motion i.e-, ¥ : 
h 2 represents retarded motio 


e graph is decreasing with time. 


Ss Ss 
) ae . _ 


O 
(a) Graph 1 (b) Graph 2 
(v increasing with time) (v decreasing with time) 
Retarded motion 


Accelerated motion 
Fig.37 Using the concept of slope in s+t graph 


Slope of speed-time graph or velocity-time graph gives acceleration. 
@ Fig.38 shows a v-t graph in which, slope of 1 is more than slope of 2, thus, a, > 2- 
@ From the v-t graph shown in fig.39, we can find the value of a. 


t— t, t, 


ha Fig.39 ' — | 


Total area under the speed-time ity-ti 
graph or velocity-time always gives total di 
au ist eb 
a given time interval. We can also find displacement using a velocity-time crept soe fat — 


I 
Vv 
A; 
A, 
O 
t —= - 
Distance travelled = A, + A, +A, 


Distance travelled = A, + A, Displacement = A,-A,+A, 
(a) 0 


Fig.40 Area under v-t graph gives distance travelled by the body 
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Graphs of motion under gravity 


We know that upward motion of an object is a reta 
motion is an accelerated motion. Let us try to make 
thrown upward and returns back to the same heigh 


rded motion while downward 
graphs for an object which is 
t (see fig.41), 


Fig.41 


t —— 


(a) Distance-time graph 


ee Se a SS se 
. 


md 


ig 


co 


(c) Displacment-time graph (d) Velocity-time graph 
Fig.42 Graphs of motion under gravity 


The area under the acceleration-time graph gives change in velocity during a given time interval. 


Circular motion 


(e) Acceleration-time graph 


When a particle moves along a circular path, its motion is called circular 

motion. 

A circular motion is always a non-uniform motion ie., accelerated 

motion because the direction of velocity change continuously. 

® Velocity of a particle in circular motion is always tangential to the circular 
path (see fig.43) i.e., velocity and radius are always | to each other. 


Angular displacement (9) : The angle described by particle moving along 
a circular path is called angular displacement. 


® SI. unit of angular displacement is radian. 


m radian = 380° 1 radian = 180'/n = 57.3° Fig.43 Velocity of a: 
Angular velocity (o) : The rate of change of angular displacement is circular path is tanger 
called angular velocity. . 


Formula for a : 


S.l. unit of  : radian per second or rads”). 
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Relation between angular velocity (2) and linear speed (v) : Abt, 


20 


fy - re} fy = radius of Girouler path) 


Angular acceleration (a) 


The rate of change of angular velwsty ts calhed angular acceleration 


3 = ew Doh ~ 
f 


S.L. unit of a : radian/Iwcomd? of rads’ 
Relation between angular acceleration (a) and linear (tangential) acceleration (a,) : 


Fortraiks for a 


[a ts na] tr ~ radius of circular path) 


Uniform circular motion 

Motion of a particle along the circumference of a circle with a constant speed is called uniform circular Ming 
In uniform Gradar motion : 

@ Linear specd, v = constant 

@ Angular velocity, o = constant 
@ Angular acceleration. a = 0 


23 
Here, linear speed can also be found by formula, (T = time period of 1 revolution) 


Also, angular velocity « can be found using formula, 


Uniform cirodar motion is always an accelerated motion. It has a radially inward acceleration called centripetal 
acceleration. 


2 
v 2 


Formula for centripetal acceleration : [a, = mie To 


Centripetal acceleration (a ) and velocity (v) are always perpendicular to each other. 


Centripetal force 
It ts the radially irrward force that is required to move an object along acircular path, 


D thet’ Ol Thay ph S 


2 
= mre? 


Formula for centripetal force ; |F = ma, = ” 


Centripetal force is always supplied by a real force, the nature of whit 

a motorcycle on a horizontal circular path, friction provides then oct 
in a circle around nucleus due to centripetal force provided by th 
positive nucleus and negative electron. y 
@ While whirling a stone tied with a string, the tension in the string t 
round the Sun due to the centripetal force provided by the grat 


Sun. 
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ALLEN = iform circular motion 


Motion of @ particle along the circumference of a circle with a variable speed is called non-uniform circular 
motion. 
son non-uniform circular motion : io 
Linear speed, v # constant 
Angular velocity, © # constant \ 
Angular acceleration, 0. # 0 
There are two linear accelerations : 


Fig.44 Non-uniform 


(i) centripetal acceleration (radiailly inward) dicular aia 


(ii) tangential acceleration (along the tangent or in the direction of velocity) 


Non-uniform circular motion with constant angular acceleration 
Equations of motion for the above motion are : 


j =@0 + at Ba 

Mo= Or ~ECol) (<b) ( ‘ 
1 

(i) = ot + Sat? abider 


(ii) 0,2 = 0,? + 208 


wy o=(S2%%) | Pali : A 
@, +0, =i. ab, “Oe 


Where, @, = initial angular velocity ; o, = final angular velocity ; © = distance travelled ; t = time taken. 
Angular Displacement in the nth second (i.e., in a particular second) is given by, 


8. =O, +Zalen -1) 


Angular speed, w = 2xn, where, n is number of revolutions per second or the frequency of revolution. 
2 — : 
Also, angular speed, = > , where, T is time one revolution (called time period or period). 


If a particle is making N revolution per minute (denoted as rpm), angular speed, @ = = 


NUMERICAL CHALLENGE 1.10 


What is the angular velocity in rad/s of the hour, minute and second hand of clock ? 
Solution 
Time period of revolution of hour hand, T, = 12 hours = 12 x60 x60s 


: 2n 2n T Thy PRE : 
Angular vel f = - ss «rad /S 
gular velocity of hour hand, Q, 5 12x60x60 1600 /: 4 ee ree 


Time period of revolution of minute hand, T, = 1 hour = 1 x60 x60s_ 


Qn _ 2n 


Angul : a ae 
gular velocity of hour hand, @» T, *1x60x60 = TaD ee “ 
Time period of revolution of second hand, T, = 1 minute=1x60s — bee : 
Angular velocity of hour hand, 3 = an 2m rad/s a De s ie 
a Ts 1x 60 a R Wi x ; 


VIF ILT SVEN LEE Te RCT TCE F821 44 8 


“sad 
« z 
li 
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NUMERICAL CHALLENGE 1,11 


constant angula; 
A child pushes a merry-go-round from rest to a fInal angular speed of seas Te What is the angula, 
acceleration. In doing so, the child pushes the merry-go-round 2.0 revolu 
acceleration of the merry-go-round ? 


Solution 


50 rev/s 
= 0.5 
Given, initial angular speed, », = 0; final no. of revolution/sec or frequency, 


? 
final angular speed, o, = 2nn = 2n(0.5) = 1 rad/s ; angular acceleration, = 
Total no. of revolution = 2 


”, Total angle covered, 0 = 2 x2n = 4n rad 

Now, using third equation of motion 
(n)? = (0)? 4+ 2e(4x) 

or n* = Ban 


or a = 1/8 rad/s? 


1, = 0,” + 200, we get, 
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Beeb 3 wise 
L A body goes from A to B with 2 velocity of 20 m/s and comes back from B to A with a velocity of 30 m/s, 
The guerage velocity of the body during the whole joumey is 
{zero (2) 25 m/s (3) 24 m/s (4) none of these 


2. A femer has to go 500 m Gue north, 400 m due east and 200 m due south to reach his fleld, If he takes 
90 min to reach the Held, what is the average velocity of farmer during the walk? 


@) 35 n/n. (2) 45 m/min. (8) 25 m/min. (4) 55 m/min, 
3 A ntoer bal cropped from a ceriain height is an example of 
(i) nonamiorm acceleration (2) uniform retardation 
(3) uniform speed (4)non-uniform speed 
4. Formotonona straight Ene path with constant acceleration, the ratio of the magnitude of the displacement 
to the Gstance covered is 
me | (21 (3) <1 (4) <1 


5.  Ancbiectis moving with velocity 10 m/s. A constant force acts for 45 on the object and gives it a speed of 
2 m/s mn oppose Greciion. The acceleration produced is 
3a/e (2-3 m/s? (3) 6 m/s? (4) -6 m/s? 

6. Acer is moving along a Grouler path with a uniform speed 54 kmph. Find the difference in the velocities of 
the car when i is at the diametrically opposite points. 
(1) 54 kph <2) 108 kmph (3) 81 kmph (4) 27 kmph 

7. Apomt reversed 3/4* of the circk of 


radius R in time t. The magnitude of the average velocity of the particld 
in this time intervel is ‘ 


(Y 


{ t J2t , 

8. Which of the following statements is false? | © > (4 pte 
(1) A body can have zero velocity and still be accelerated. jr 6 a 
(QA body can have a constant velocity and still have a varying speed, - us ho" 
(3) A body can have a constant speed and still have a varying velocity. ee ee 
(4) The direction of the velocity of a body can change when its acceleration is constant. } At { 

9. A aa moves along the side AB, BC, CD of a square of side 25 m with a velocity of 15 m/s. Its average 
velodiy is 
(1) 15 ms* (2) 10 ms? (3) 7.5 ms” 44y5 ms? 

10. E an object covers distances directly proportional to square of the time lapsed, then the accelerz 

AA (1) increasing (2) decreasing 48) constant nbd ta pacers aes 


‘LES A Sone weighing 3 kg falls from the top of a tower 100 m high and bur 
The sine of penetration is 
{0.09 sec (2) 0.9 sec (3) 2.1 sec 


# 3 seconds before that instant is q 


1) 8 m/sec 4 m/sec (3) 6 m/sec 
3) A body covers 200 cm in the first 2 sec and 220 cm in next 4 sec, | 


cond? —_ “>a. (00 
(2) 20 cm/sec gxi0 cm/sec — 
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14) A body falls from a height h = 200 m. The ratio of distance foal in each Z s, during t = 9 to ALLEM 1 


NN, 
"t= 6s of the joumey is v\ \y- = ; £6) A ball is projected vertically up from the foot of a tower of height 100 m with a velocity of 40 ms". At the 
(1:4:9 (2) 1: 2: 4 (3)1:3:5 (4)1:2:3 same instant another ball is dropped from the top of the tower. When and where do they meet each other? 
15. Astone is thrown vertically upward with an initial velocity u from the top of a Aaya It reaches the (take g = 10 ms4) 


yy yok 4st? 
with a velocity 3u. The height of the tower is ; 5 = laa (1) 2.58; 68.75m from ground (2) 2s ; 65 m from ground ay 4 —- 
3u2 40 6u" Su* ‘ (3) 3.5; 75 m from ground (4) 3.55; 85 m from ground vy we 
1 = Ay a ay /29. An object is projected vertically up from the top of a tower of height 58.8 m with an initial velocity 4.9 ms". Calculate 
6 ‘ i i the time of flight of the object. 
a6. A particle is moving in a straight line with initial velocity u and uniform acceleration a. If the sum of the dig ae eg 
7 travelled in t’® and (t + 1} seconds is 100 cm, then its velocity after t seconds in cm/s is (12s & s (3)6s (48s 
(1) 20 (2) 30 (3) 50 (4) 80 30. If the time of fall of two objects are in the ratio 1 pe ap the ratio of the heights from which they fall. 
) 11:2 (2) 2: 1 1:4 4) 4: 2 
17) A body freely falling from rest has velocity v after it falls through a height h. The distance it has to fall ¢, wy) (4) 


ject is dropped fi balloon rising up with a velocity 2 ms“. Find locity ; 
further for its velocity to become double is a. An object is dro} bidder Mp wane be the vel of the object after 2 seconds 


of its release. (take g = 10 ms) 
oe Cie wf 3h aah (1) 9 ms (2) 18 ms (8) 27 ms (4) 36 ms 
18. A body falls from rest in the gravitational field of the earth. The distance travelled in the fifth second of its 01 32. A ball is dropped from the top of a building. The ball takes 0.5 sec to fall past the 3 m height of a window 
is (g = 10 m/s} - some distance from the top of the building. If the speed of the ball at the top and the bottom of the window 
(1) 25 m (2) 45 m (3) 90 m (ay125 <a are v, and v, respectively, then (g = 9.8 m/s) ure a3: a i 
19. A stone is dropped from the top of a tower. If it travels 34.3 m in the last second before it reaches the gro ald ee 
find the height of the tower. (g=9.8 m/s?) Lye (Iv, +v,=12m/s (AV, -v,=4.9 m/s (3)v, v= 1 m/s a =1m/s 
(1) 39.2 m 2) 58.8 5 
b0 A freely £ 3 ee id ie {578.4 (4) 98 m (33. An object dropped from the top of a tower covers in the last second, seven times the distance it covered in 
- falling obje ugh a height A in the 1 second. What is the fall of — in the next secont! the first second. Find the time of flight. = 
()h-g (2hg Bheg a! (2s (23s 45 (4)5s 
21 34. stone is dropped into water from a bridge of height 44.1 m above the weter level. Another stone is thrown 
-_A reser is dropped from a certain height and another stone is dropped from the same height after 2s. We into water 1 second later. If both strike the water simultaneously, find the initial speed of the second stone. : 
% ex their separation after 10 more seconds? es wt 12.25 mst (2) 12.5 mst (3) 12.75 mst @igme sw Me 
uw 115.6m (2) 156.5 m (3) 172.3 m ‘{4Y215.6 m (35/ A stone is projected up with a velocity ‘u’and at the same time another is dropped from a height 2u. When 
22. A body falls from a height of 100 m. After 2 seconds if gravity di will they meet in air? su \ 
: gravity disappears, find the total time i tl : S- 2 
to reach the ground (take g = 10 ms}. ee ee a (1s (225 (33s (44s 
(1)2s (24s (BY6 s (4) 8s 36. Two bodies are held separated by 9.8 m vertically one above the other. They are released iia to 
23. A body is falling freely. If the displacement in the |. fall freely under gravity. After 2 s the distance between them is kA ek? 
st di q . 4 5-0 
LC . she wesc Reba ¢ last second is equal to the displacement in the first 3 secon! oe “9 in (2)19.6m aa oH! a 
5s (2) 10 s (3) 15 : ) 9.8 m (4) 39.2 m : 
: (4) 20 s 
24. An object is thr A train running at a speed of 120 kmph is approaching a station. Driver applies brakes ust 200% m before 
(1) 98 m on ae Fae velocity of a S oy high will it rise? the station to stop it at the station. Find the retardation of the train. “2 * xi 
‘ eam (4) 137.2 a) ¢ 
25. A body thrown vertically upward remains a = 
in air for 2 . 25 41 - uaa 
double the velocity. How long docs i tay a seconds. Another body is thrown vertically upward wg (1) ° ms? 8) B le yy ms? ‘ sa rs a 
4 ” 
26. A ui oe 8s (3) 16s (4) 32 5 ; oa A bullet fired into a fi loses half of its velocity after penstating 3 3a cm. ae much further wl 
* #\stone ts thrown vertically up with an initial velocity 49 ms-! from the t it penetrate before c i t decele: ve the 
12 seconds. Find the height of the tower. e top of a tower an aff = 
(1) 98 m (2) 117.6 m 
ie: (37137.2 m 


Two stones are Projected from th 

: ; ie top of a tower 100 
10 ms". One is projected vertically up and the other vertically di 
they strike the ground. an 


(1) 1:10 (210:1 y, 
SI 


24 
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Gal dation a uniform acceleration a and zero Initial velocity, Another body B starts ia elke Pol 
and moves in the same direction with a constant velocity v. The two bodies meet after a time 't’. The Value 
of tis 


y 8) ae (4) ~ 
(2) ; a 2a 


Al) — 
a 

Two balls are dropped from height h and 2h respectively. The ratio of times of these balls to reach the earth is 
QYi2 (2) 2: (3) 2:1 (4) 1:4 


A car moving with a speed of 50 km/hour can be stopped by brakes after a distance 6 m. If the same car 

is moving at a speed of 100 km/hour, the minimum stopping distance is 

(1)6m (2/12 m (3) 18 m (4) 24 m 

44. A ball is dropped from the roof of a tower of height h. The total distance covered by it in the last second of its 
motion is equal to the distance covered by it in first three seconds. The value of h in meters is (g = 10 m/s} 
(1) 125 (2) 200 (3) 100 (4) 80 

45. ‘Aballoonis flying up with a constant velocity of 5 m/s. At a height of 100 m, a stone is dropped from it. At 

the instant the stone reaches the ground level, the height’of the balloon will be 

(1) 25m (2)0m (3y125 m (4) 100 m 

A stone is thrown vertically up from the ground. It reaches a maximum height of 50 meters in 10 sec. After 

what time it will reach the ground? 

(10 see (2) 20 sec (3) 30 sec (4) 40 sec 

47. A particle starts sliding down a frictionless inclined plane. If s, is the distance travelled by it from time 


Vr 


’ 


this 
Sn yCrpr-S 
t= (nl) sec tot = n sec, the ratio is 


“4 


n+] i 
2n-1 2n+1 2n 2n+1 vO prea 
ees @) 2n 8) 2n+1 4) 2n-1 ss | 
48. If a body starts from rest and travels 120 m in the 8* second, then its acceleration is yy 1G) 
~ (3) 16 m/s? \ (2) 10 m/s? (3) 0.227 m/s? (4) 0.03 m/s? 
49. Aparticle trates 10 m in first 5 s and 10 m in next 3s. Assuming constant acceleration, what is the distance 
travelléd in next 2 s? ie 1 
aes m (293m = (3}103m > (4) None of these 
5e0 Initially a body is at rest. If its leration is 5 ms* then the distance travelled in the 18" second is 
(1) 86.6 m wae (3) 88 m (4) 89 m H 
51. Figure shows the position-time (xt) graph of the motion of two boys AandB returning from their school O to 


their homes P and Q respectively. Which of the following statements is true? 


(1) A walks faster than B 


(2) Both 4 and B reach home at the same time 
(3) B starts for home earlier than A 


{4YB overtakes A on his way to home 


25 


ALLEN = punta 
leasa 


function of time is shown below. The graph indicates that 


i 


- SC| 5 C4 4) 
fe) 


\ _ 
(1) The particle starts with certain velocity but the motion Is retarded and finally the particle stops 


(2) The velocity of the particle is constant throughout 
he acceleration of the particle is constant throughout in the direction of motion 


The particle starts with some constant velocity, the motion is accelerated, and finally the particle moves 
with some constant velocity. particl 


A particle starts from rest and its acceleration plotted against time (t) is shown below. 


0 .\9t 4 Of 


3) 
Jf 


53. 


Ane ¥ = 


Which of the following represents displacement (s) plotted against time (t)? 


S$ s s 
ay (2) d 3) a) 
fo t oO t o t fe) 


1 Gn). yeppe ds 8° 
ath n- J) as 


54. In question 53, which of the following will represent velocity (v) plotted against time (t)? 


aN- OU 


Wt 


uv v Vv 
t og t Oo& = t t 


55. The velocity-time graph for a particle moving along x-axis is shown in the figure. The corresponding displacement 
-time graph is correctly shown by 


Scanned by CamScanner 


-—-==m 
SS 
66. Which of the following qraphs would probably show the velocity plotted against time graph for a body Whos ALLEM 


acceleration-tine graph Is shown in the figure? 60, Acceleratlon-tme graph for nerlcle nonin nistvaigha line Wan ahiouin ti fijied, Change tn valotiyyobthe 
particle from t = Otot-651s 
0 


Le) 
v v v v (1) 10 m/s V4 m/s (3) 12 m/s (4) 8 m/s 
61. The vt graph of a moving object is given In figure. The maximum acceleration is 
‘6 @) . am (3) & / a) : e “ 
(3) t (e) ' Oo t oO t 5 


57. The velocity-time graph of a body falling from rest under gravity and rebounding from a solid surface ig 
represented by which of the following graphs? 


9 10 20 30 4050 60 70 80 


Time (s) —» Pa 
(1) 1 cm/s? (2) 2 cm/s* (3) 3 cm/s? Wau) 6 cm/s? 
62 .) Speed-time graph of two cars A and B approaching towards each other is shown in figure. Initial distance between 
them Is 60 m. The two cars will cross each other after time 
Vg 
t 20 


SB. The acceleration-time graph for a body is shown in the figure. The most probable velocity-time graph for the 
body is 2 


: _ (2s AQ3s (3) 1.58 (4) 2s 


63.) A ball is dropped vertically from a height d above the ground. It hits the ground and bounces up vertically to 


d 
aheight =. Neglecting subsequent motion and alr resistance, its velocity v varies with the height h above the 


7° 
ground as 


Vv Vv v 
doh ot h 
Vv @ i / ae Va fo Ap @) i a = a) z] 


t 2 A rest =0.Th leration - time gra| his shown in the figure. The maximum velocity 
59) The acceleration of a train between two stations is shown In the figure. The maximum speed of the train §s A Body satis Homi tox re: ee oe : oye 
attained by the body will be 


t 


oft 4 a ane f° } 
+5) 12_16 : 2) 55 m/s scree \y ¢ 
‘8 ia (3) 650 m/s i 


11. time(sec)—> 


: (4) 550 m/s 
(1) 60 m/s ties m/s (3) 120 m/s (4) 90 m/s | 
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along a straight line, The position-time graph Is given below, 
The average velocity of the dancer during time interval between t = 4.5 s tot = 9 sls 


A dancer bs demonstrating dance steps 


Physics 
ALLE 


69, Acarstarts from rest, accelerates uniformly for 4 seconds and then moves with uniform velocity. Which of the 
y-t graphs represents the motion of the car? 


xt) 
4 Fi x x x 
? (1) (2) (3) 
1 0) t t 16) t t 
iN) : : 
e- 70. The fig. shows the displacement-time graph of a particle moving on a straight line path. What is the magnitude 
io EF of average velocity of the particle over 10 seconds? 
1 4Y-0.89 ms? 
() 1 mst (2) - 1.33 ms? (3) 2.75 ms" \ F ' 
66. A Lit is going up. The variation in the speed of the lift is as given in the graph. What is the height to 0) 
the bit takes the passengers? t 
ts 
3. 
10 12 0 
Time (s) 2 4 6 8 10 tlsec) 
36m (2) 28.8 m vA : 
SHO {4) Cannot be calculated from the above graph (1) 2 ms" (2) 4 ms (3) 6 ms vem 
67. A greph between the square of the velocity of a particle and the distance (s) moved is shown in figure. The] 22- The earth's radius is 6400 km. It makes one rotation about its own axis in 24 hrs. The centripetal acceleration 
acceleration of the particle in kilometres per hour square is of a point on its equator is nearly 
(1) 340 m/s? (2) 34 cm/s? as cm/s? (4) 0.34 cm/s? 
es \ 460 The acceleration of a point on the rim of flywheel 1 m in diameter, if it makes 1200 revolutions per minute, 
— # is 
> (avhe} (1) 8x2 m/s? (2) 80 x2 m/s? 33) 800 x? m/s? (4) none of these 
? 900 A phonograph record on tum table rotates at 30 rpm. The linear speed of a point on the record at the 
0 7 needle at the beginning of the recording when it is at a distance of 14 cm from the centre is 
s (km) —> (1) 22 cm/sec Jaa cm/sec (3) 48 cm/sec (4) 52 cm/sec 
(1) 225 (2) 308.3 (3) - 225 (4) - 308.3 A particle is acted upon by a constant force, the direction of which is always perpendicular to the velocity 
68. The velocity versus time graph of abody movi roe : : of particle. The motion of particle takes place in same plane. From the above statement it implies 
: Moving along a straight line is as shown in fig. The ratio of di t 
and distance covered by body in 5 seconds is 0 of displacemen (1) Particle is moving in a circular path 
(2) Magnitude of its acceleration is constant 
v (m/s) nce : 
| (3) Its velocity is uniform say new 
: $a7Both (1) and (2) Qe 
A 75. A body moves along the circumference of a circular track. It retums back to its starting point after completing the ciraular 
track twice. If the radius of the track is R, the ratio of displacement to the distance covered by the body will be 
-1 P 
4 avo (2) 8nR (3) J3R (4) = 
76. Two carsare going round curves, one car travelling at 60 km/hr and the other at 30 km/hr. Each car experiences 
(2:3 (23:5 (3)1:1 the same centripetal acceleration. The radii of the two curves are in the ratio 
; (15:5 r 
AN4:1 
30 


(2)2:1 (3)1:2 


(4)1:4 
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ALLE 
7) Atenismeking 600 revolutions/minute. If it makes 1200 revohtions/minute, what is the increase in its = 
wich? 
G)Wsrdiecc 2 zred/sec GY 6O red sec (4) 40 x rad/sec 
78. Asonetiedtotheendofa20an long string is whirled ina hone circle. If the centripetal acceleration ig 
ee 9.8 m/s. ts anquir peed in rad/sec is pel O12 ob). ay 
Pe hog aes . lal 
(i) 7 (27 (3) 14 (4)20 4 ; 
: ‘ ans Wy 3 
79. The retio of anguler speed of minute’s hand and hour's hand of a watch is oe ; 
{i}1:6 (2)6:1 (3) 1:12 Gr2:1 
80. A ponton therm ofa wheel 3 min diameter has Enear velocity of 18 m/sec. The angular velocity of the whe 
is gen by 
(i) 12 rad/s (2) 10 rad/s (3) 8 rad/s (4) 6 rad/s 
81. A particle is moving along 2 creular path of redius 5 m with a uniform speed 5 ms“. What will be the avera, 
acceleration when the particle completes half revolution? 
- 10. 
(1) zero (2) 10 ms? (3) 10 zms? _{4) Ps 
82. Two recng cers of masses m, end m, are moving in circles of radii r, and r, respectively. Their speeds 
such that each mzkes @ complete cirde in the same length of time t. The ratio of angular speed of the f, j 
cer to that of the second cer is 
(1) m, =m, (2)r, : (3) 1: 1 (4) my, : my, 
83. The enquer velocity of a wheelis 70 rad/s. If the raters of the whee is 0.5 m, then linear velocity of the wheg; 
(1) 70 m/s /i2 35 m/s (3) 30 m/s (4) 20 m/s 
SA. frikceteawatviedstdics sve of radius 12 an moves along the groove — completes 7 revolitigg 
in 100 s. What is the linear speed of the motion? . 
(1) 23 ons 2)5.3 an/s : 


(3)0.44em/s 


(4) None of these 
85. A stone tied to the end of a string 80 cm long is whirled in a horizontal circle with a constant speed. If the ston! 
makes 14 revolutions in 22 s, then the acceleratio 


n of the’stone is 
(1)5 m/? (2) 10 m/s? 12.8 m/s? 


(4) None of these 
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